Introduction
Trauma and surgery have been well recognised as risk factors for developing chronic pain. The first published article on chronic post-surgical pain (CPSP) was in 1998 by Crombie and colleagues. Since then this concept has gained increasing popularity, evidenced by the dramatic increase in number of research publications focussing on post surgical pain states 1, 5 . Despite this awareness, post surgical pain still remains poorly recognised and is under estimated as a cause for pain related morbidity. Post thoracotomy pain syndrome is one of such post surgical pain syndrome which remains a challenge to the treating physician both in terms morbidity for the individual and the incurring health costs on the society 2, 3, 5 . Thoracotomy incisions are considered amongst the most painful incisions as it involves a significant amount of trauma and distraction forces on multiple muscle layers, fascia, neurovascular bundles, bone and joints and parietal pleura all of these being pain sensitive structures. This may also involve rib resection if surgically required 4, 6 . A chronic pain state, which occurs after such surgical intervention, is called chronic post thoracotomy pain syndrome (PTPS). The International Association for the Study of Pain has defined post thoracotomy pain syndrome as 'Pain that recurs or persists along a thoracotomy incision atleast two months after the surgical procedure' 7 .
Epidemiology
There are major discrepancies in the reported prevalence of PTPS. This may in part be explained by the differences in study methodology which include but are not limited to the definition of PTPS, patient characteristics and the duration of follow up. PTPS ranges from 5-80% of thoracotomies and 5-33% for video-assisted thoracoscopic surgeries (VATS) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In a recent survey following patients after thoracotomies for lung cancer the incidence of PTPS was 33% for thoracotomies and 25% for VATS procedures. Clinically relevant pain was present in 11-18% and severe pain in 4-12%, which depended on the level of physical activity. More than half of these patients reported pain from other parts. There is no clear evidence to suggest sex predominance but it was observed that women tended to report higher levels of pain with concomitant use of simple analgesics. And younger patients reported more pain as compared to the elderly 19 . There is little consensus regarding the impact that the type of surgery has on the clinical outcome in terms of PTPS. Some studies
Pathophysiology
The etiopathogenesis of post-surgical pain syndromes is multifactorial and is yet to be fully elucidated. There still remains a large gap in our knowledge pertaining to the exact mechanisms involved and is a subject of constant debate with new evolving concepts. Postthoracotomy pain is by and large one of the classical post-surgical pain syndrome.
Neurogenic mechanisms -neuroplasticity
Neuroplasticity is a relatively new term and as the name denotes it refers to the inherent ability of the central nervous system to adapt, modify and transform itself both structurally and functionally. The central nervous system was once thought to be hard wired but now is viewed as a dynamic processing unit which responds to various stimuli. Thoracotomies as previously mentioned involves trauma to various structures, most importantly the intercostal nerves. Injury to the intercostal nerves may occur directly as a result pressure on the nerves by surgical retractors or when surgical resection of the rib is performed or indirectly where the entire nerve is subjected to traction forces by the retractors resulting in ischaemia. The other possibilities being impingement from displaced rib fractures and nerve entrapment in scar tissue. The cycle of events which occur in chronic pain patients after nerve injury may be best explained as a maladaptive response where the nervous systems both the peripheral and central nervous systems are altered, becoming dysfunctional and resulting in a neuropathic pain state
Peripheral sensitisation
Nerve damage leads to an inflammatory response with the outpour of inflammatory mediators as the nerve undergoes degeneration. These mediators which include tumour necrosis factor, prostaglandins, histamine, potassium ions , bradykinin and other products of arachidonic acid degradation which are pro-nociceptive results in peripheral sensitisation. This results in a reduction of required magnitude of stimuli to trigger an action potential and thereafter the transmission of pain signals. This is manifested as primary and secondary hyperalgesia which are exaggerated responses in pain perception for the given noxious stimuli and also allodynia which is increased pain sensitivity to non-noxious stimuli. Primary hyperalgesia is an exaggerated response to stimuli at the damaged site and secondary hyperalgesia is that which is perceived in the surrounding undamaged tissue. While primary hyperalgesia is mainly a peripheral neural phenomenon, secondary hyperalgesia is thought to be a mediated within the central nervous system which is referred as central sensitisation.
Central sensitisation
Peripheral sensitisation results in increased activity in the nociceptors and their primary afferent neurons. Persistent exposure of the cell bodies of these neurons in the dorsal horn to noxious stimuli results in a hyper-excitable state called central sensitisation. The dorsal horn of the spinal cord plays a vital role in impulse modulation and transmission; its acts as a gateway between the peripheral nociceptors and the higher centres where pain in perceived. The dorsal horn functions as a gate where pain signals are either dampened or amplified and transmitted to the higher centres. In this dysfunctional state of hyperexcitability in the spinal cord, signal transmission is augmented at the spinal level along with influence from descending pathways resulting in sensitisation. Central sensitisation is therefore described as a pain amplification process of the central pain-processing unit where there is facilitation in pain transmission and widening of receptor field to stimuli. It is also speculated that cortical remapping occurs in persistent pain with the developments of new neural networks and unfolding of dormant synapses as part of the neuromatrix model. While intercostal nerve injury is assumed to be the most important cause of PTPS, there is conflicting evidence in the literature. There is evidence to support the fact that intercostal nerve damage does occurs during surgery and that surgical factors may affect outcome. The pattern and degree of nerve damage has also being studied by neurophysiological studies of the intercostal nerve during and following surgery. Patients who have significant intercostal nerve damage like those with rib resection and fractures developed neuropathic pain. And those with neuropathic pain features develop significant chronic pain which may be disabling. Despite these facts to support this mechanism of pain, intercostal nerve damage nerve alone cannot be incriminated as the sole cause for chronic pain after thoracic surgery.
Myofascial pain
It is well recognised that patients with PTPS may have associated shoulder dysfunction. Soft tissue trauma, which includes muscle, fascia and connective tissue, may result in Myofascial pain syndrome.
Local factors
Tumour recurrence, infection, costochondritis, costochondrol disruption, costovertebral disruption, pleurisy and healing rib fractures may all contribute to ongoing pain after thoracotomy. 
Clinical presentation
According to the nomenclature suggested by the IASP, any pain along the thoracotomy incision site, which is persistent beyond 2 months, is PTPS. 7 In general, PTPS is largely neuropathic in nature with charctersitic features of neuropathic pain. A thorough assessment is required as with most pain syndromes is to differentaite between neuropathic, visceral and nociceptive pain; all of which aids in the management. In cancer patients, the appearnce of new pain or worsening of pain which was fairly under control may warrant further investigation to rule out disease progression.
Neuropathic pain
Neuropathic pain is present in majority of these patients and is manifested by an array of symptoms which include allodynia, hyperalgesia, dysaesthesia or parasthesia. Patients describe the pain as a sharp, shooting or stabbing pain along the scar line. They may also report pain along the dermatomal distribution of the affected intercostal nerves as a constant dysesthetic burning type pain. Table 3 .
Allodynia
Pain due to a stimulus that does not normally provoke pain.
Hyperalgesia
Increased pain from a stimulus that normally provokes pain Hyperesthesia Increased sensitivity to stimulation, excluding the special senses.
Hypoesthesia
Diminished pain in response to a normally painful stimulus Dysesthesia An unpleasant abnormal sensation, whether spontaneous or evoked Paresthesia An abnormal sensation, whether spontaneous or evoked Table 2 . Definitions of common neuropathic pain terms
Myofascial pain
Around one third of patients do not report features of neuropathic pain and myofacial pain, with local tenderness and shoulder dysfunction may predominant the clinical picture. Shoulder dysfunction is common and may be due to the division of the serratus anterior and latissimus dorsi muscle. This results in a viscious cycle of pain, lack of movements, muscle deconditioning and frozen shoulder.
Visceral pain
Visceral pain is usually as vague, constant, dull aching type of pain. The concept of visceral pain in gaining popularity and may account for those patients who do not present as neuropathic pain post thoracic surgery. Steegers et al 2008 found that this is more common with more extensive surgery and pleurectomy suggesting a visceral component to the PTPS. 57 
Perioperative risk factors and preventive strategies
Intercostal nerve damage is an important identifiable cause but not the sole pathogenic mechanism for chronic post thoracotomy pain. Researchers have attempted to identify risk factors associated with PTPS and investigate strategies which may reduce the incidence of PTPS. This has led to a number of publications on this topic but most fail to provide definitive evidence mainly due to inconsistencies in study design. The following Table 3 . Perioperative risk factors and preventive strategies
Preoperative factors
Preoperative preparation and optimisation is an important part in the care of the surgical patient and can have major influence on patient outcomes. Post thoracotomy pain syndrome is one such entity which may be indirectly influenced by preoperative optimisation. It has been shown that poorly controlled acute pain can progress to chronic pain states. Therefore it could be stated that patients who are appropriately optimised prior to surgery would do better after surgery in terms of being able to engage in the rehabilitative process and recover more rapidly thereby reducing the incidence of PTPS . The other important fact in the preoperative period is to appreciate post thoracotomy pain syndrome as one of the most common complications after thoracic surgery and being proactive could reduce its incidence Recognising this fact is vital in the management of these patients as appropriate identification of those at risk and developing management strategies may improve outcomes in terms of pain morbidity.
Demographic factors
Post surgical pain syndromes after mastectomies have been noted to occur less frequently with increasing age. But, factors such as type of tumour, their presentation and response to treatment need to be considered as these vary with age and may influence the incidence. Post herniorrhaphy pain also tends to decrease with increasing age. 24, 25, 27, 28 There is evidence to suggest a gender difference where women may be at a higher risk of developing post surgical pain. 19, 28 Currently there is no definitive evidence to suggest that post thoracotomy pain has age or gender preponderance.
Genetics
In clinical practice we observe that there is significant inter-individual variability in the pattern in patient's presentation, progression and response to therapy. It is extremely difficult to predict the response of an individual to a given insult, there may be a role in the underlying genetic makeup of the individual which might explain why some patents are more prone to post surgical pain. The attempt to identify such genes which play a role in pain processing has shown some association with gene polymorphism of catechol-0-methyltransferase (COMT), genetic variants to determine voltage-gated sodium channels and GTP cyclohydrolase and tetrahydrobiopterin-related genes. 29 show an association between genetic factors and the development of neuropathic pain after nerve injury. 31 This may suggest that post thoracotomy pain in which nerve damage is a major pathogenic mechanism may be influenced by genetic factors.
Psychological factors
The biopsychosocial approach to pain is a broad multidimensional concept, which incorporates the traditional biomedical model and the psychodynamic model. In chronic pain states the impact of psychological factors (cognition, affect and behaviour) and social factors (social status, employment, litigation) may play an important role in exacerbation and maintaining pain. This impacts the outcome when assessed in terms of quality of life after surgery. 33 A systematic review on premorbid psychosocial status of depression, stress and psychological vulnerability showed a positive correlation between them and the development of chronic post surgical pain. Patients with higher level of depression and stress are at higher risk for development of chronic pain as is those who are psychologically vulnerable. 34 Pain in the perioperative period as a risk factor for the development of emotional numbing as part of a post traumatic stress disorder was found to be significant predictor of pain disability at 6 and 12 months after lateral thoracotomy. Suggesting that de coupling of pain intensity and disability occurs while emotional numbing takes a more important role in pain disability. 35 The correlation between psychosocial factors and the development of chronic pain after surgery is complex and remains challenge to investigate partly due to the inadequacies in measuring these factors.
Preoperative pain
Pre-existing pain and the use of pain medications has shown to correlate well with chronic post operative pain syndromes after hernia, limb amputation and breast surgery. 25, 36-38. Keller et al found a positive correlation with patients on pain medications in the preoperative period with those on pain medications having an incidence as high as 52% compared to 5.5% for those not on pain medications. 39 Most studies on the association between preoperative pain and chronic post thoracotomy pain syndrome have revealed inconsistent results as most studies exclude patients with pre-existing pain morbidity and pain medications.
Surgical factors
Surgery in general is now well recognised as a risk factor for chronic pain. Patients undergoing thoracic surgery have a high incidence of chronic pain, and as we have already seen that injury to the intercostal nerve has a major role in the pathogenesis of chronic post thoracotomy pain. Various surgical approaches and procedures to minimise nerve injury have been attempted over the years. These techniques will be discussed in the following section.
Thoracotomy: Posterolateral approach Vs muscle sparing surgery
Access to the thorax is either through a median sternotomy, anterior or anterolateral, lateral or posterior lateral, axillary and transverse sternothoracotomy incision. Among these the lateral and posterolateral approach (PLT) is considered to be the gold standard. The primary advantage of this approach is that it facilitates good access to intrapleural structures which include the lungs, oesophagus, chest wall and mediastinum. The main drawback is that of its invasiveness. This approach may involve rib transection or resection to optimise surgical exposure. But it is also the most painful of incisions because of its invasiveness which involves incision of the serratus anterior, latissimus dorsi and trapezius muscles. This results in the development of shoulder girdle dysfunction and pain which is a common occurrence in PTPS. 40 In an attempt to reduce muscle trauma, a modification of the classic PLT approach called the muscle sparing posterolateral (MPLT) approach is increasingly being used. This approach does not involve the division of the latissimus dorsi muscle and the size of the incisions is smaller but provides optimal exposure for most pulmonary operations. The advantages of this approach is mainly due to the decreased muscle trauma and incision size, which results in decreased operative time, post operative pain, hospital stay and improved shoulder girdle function and cosmesis. The drawbacks being suboptimal exposure for some procedures especially where adhesions are present, a higher level of expertise is required and there is a higher incidence of seroma formation. 41, 42 Mario Nosotti et al 2010 published a prospectively conducted randomised controlled trial comparing the two techniques in patients undergoing pulmonary lobectomy. This was done with the primary endpoints of pain, analgesic consumption and post thoracotomy syndrome. The incision type influenced the analgesic consumption, hospital stay and shoulder strength positively in those who had a MPLT but the three year PTPS was not affected. 43 The association between the incision type and the subsequent development of PTPS has not been established and there is a lack of well designed prospective studies focussing on this issue.
Video-Assisted Thoracoscopic Surgery (VATS)
Video assisted thoracoscopic surgery is adopted from the well established and increasingly popular laparoscopic surgical technique in an attempt to avoid large surgical incision and thereby conceived as a minimally invasive technique. But in the case of chronic pain morbidity after VATS there is no current evidence to suggest the superiority of this technique with conflicting reports. Conceptually, the avoidance of large thoracotomy incisions would result in lesser trauma to the neurovascular bundle and thus reduced incidence of PTPS. Unfortunately this is not translated clinically and intercostal nerve injury does occur probably by compressive and distractive forces by thoracoscopic manipulation like excessive torquing of the thoracosope which may cause rib fractures and intercostal nerve injury. And in inexperienced hands and patients with adhesions operating time may be prolonged. Moreover multiple ports may be required and extraction of resected segments may require a small thoracotomy incision and small incisions requiring more force to retract the ribs increasing the possibility of nerve damage. It is accepted that VATS surgery is favourable in short terms outcomes of immediate post operative pain scores, opioid consumption and hospital stay but not different in the long term outcome of PTPS. 4, 44, 45 
Intercostal nerve sparing techniques
Techniques to reduce the injury caused to the intercostal nerves have shown positive results with a trend towards reduced incidence of chronic PTPS. Retraction on the ribs and the use of pericostal sutures can cause significant injury to the intercostal nerves. This may be overcome partially by dissecting out an intercostal flap or by using intracostal sutures as opposed to pericostal sutures. Pericostal sutures which are commonly used suture technique are placed on the top of the 5 th rib and 7 th rib whereas intracostal sutures involve the drilling of small hole in the underlying rib and closing the thoracotomy wound with sutures through these holes. The use of specialised retractors have been studied in animal models which can monitor tissue distractive force and thereby act as a feedback mechanism such that the least amount of force is used in obtaining optimal exposure. 49 
Anaesthesia and analgesic factors 5.3.1 Anaesthesia
The impact which an anaesthetic technique has on the long term effects of PTPS is unclear. Most studies focus on the analgesic technique used, primarily regional anaesthetic techniques. Remifentanil, which is a pure µopioid receptor agonist, is increasingly being used in anaesthesia; primarily for its rapid onset and offset of action, which is non-reliant on organ metabolism. In a recent publication, Salengros et al 2010 50 conducted a prospective randomised controlled trial comparing low dose remifentanil and intraoperative thoracic epidural analgesia with high dose remifentanil and post operative epidural analgesia. The patients in the high dose remifentanil group had larger areas of allodynia in the immediate 72 hrs postoperatively and also had a higher incidence of chronic PTPS which was mainly neuropathic in character. This could be explained by either the timing of the epidural or the use of high dose remifentanil. The timing of epidural analgesia has been studied and there is no consensus of its effect on the long term outcome of PTPS. A recent meta-analysis 51 failed to demonstrate that timing of epidural analgesia had any influence on long term outcome. The other possibility is the development of acute opioid induced hyperalgesia (OIH) with the use of remifentanil which is now an established phenomenon. There is good evidence to support OIH from both laboratory and clinical research. This brings to light, as the author concludes stating that even widely accepted anaesthetic practices may have a large impact on long-term outcomes and it is important that we recognise these facts.
Analgesia
Various regional anaesthetic techniques have been used as part of a balanced anaesthetic technique to provide adequate intraoperative and postoperative analgesia. The techniques used include intercostal nerve blocks, interpleural block, cryoanalgesia, paravertebral block and thoracic epidural analgesia. It is considered that adequate analgesia especially during surgery when there is maximal nociceptive input is an important cause for sensitisation both peripheral and central sensitisation, which results is chronic post surgical pain. Establishing a regional anaesthetic technique which abolishes this flow of impulses could reduce sensitisation and thus result in better long term outcomes. 52, 53 Practically it remains a challenge to achieve as it is difficult adequately monitor and completely abolish nociceptive input. Moreover the neurohumoral factors which are triggered by the stress of surgery and anaesthesia resulting in the outpour of proinflammatory cytokines leading to hypersensitivity. This may partially explain the discrepancies in the published data on these techniques, where there are both positive and negative outcomes on each technique. Most investigations concentrate on short term endpoints like post operative pain intensity, analgesic requirements, hospital stay and immediate complications with very few analysing the long term occurrence of chronic PTPS. The published data on the use of these techniques are also flawed by methodological inadequacies and very little if any can be extrapolated in terms of chronic pain morbidity. 52, [54] [55] [56] But it appears that choosing an appropriate technique which can provide reliable analgesia could help in the improving outcomes.
Conclusion
After the above discussion regarding the various factors which influence the occurrence of post thoracotomy pain syndrome, the etiopathogenic mechanisms involved and the possible strategies to improve outcome; it is evident that the management of this clinical condition is challenging and further research is required. There is ongoing interest in this field in thoracic surgery and as previously discussed the broader category of post surgical pain syndromes in which this belongs is increasingly being recognised. Education and creation of a general awareness both in the medical profession and the general public would help up manage this problem more successfully with probably better outcomes.
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